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Abstract 
Measurement, a common scientific word, will be historically introduced in the very 
beginning. The definition of measurement will be specifically present. 
Multi-sensors: E-nose, E-tongue, a new measurement system used for sensing gas or liquid 
will be argued in detail in the later part of project. The advantage and disadvantage of E-nose or 
E-tongue will be discussed after the presentation of multi-sensors. 
The main problem of this project is what is measurement and multi-sensors, further, what 
is the advantage and disadvantage of multi-sensors. In relation to the measurement, the science and 
technology will be argued partially, and briefly define the science and technology both. 
 Multi-sensors as a measurement system skip a lot of complicated procedures and produce 
the acceptable results as demanding as ordinary measurement gives.  
During this project, we will try to understand measurement, science, technology and 
Multi-sensors system. 
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1. Introduction 
Science is a well known subject at present day. But very few people would give 
too much thought about what science is.  
What worth to mention before we get to the main body of our project is that the 
confusion between science and technology. 
By our understanding, in general, chemistry, physics, biology and geology, etc, 
are science. The reason why we define them as science is that they are all dealing with 
the natural world. Put it in another word, study of natural world. What we have learnt 
from school is just to make us understand the natural world. Those things are all 
knowledge.  Technology works the other way. It enables us to exercise scientific knowledge 
to develop. For example, the invention of computer starts an era of IT (information 
technology). Then “world is getting small” because the internet technology enable us 
to meet anyone from any country.   
Technology is actually dealing with the human-made world, which tells us how 
people develop and use technical means, i.e. machine and tools, in order to control the 
natural and human-made world in some way.1 We’ll break it down into detail in the 
later chapters.  
The main part of our project is measurement and multi-sensors. In general, we 
are very familiar with measurements. Such as teachers measure students’ acceptance of 
their teaching methods; examinations are used to measure the students’ educational 
progress; nurses measure the blood pressure in patients.  
In the ancient time, the measuring instruments were limited. They use body to 
measure. But everyone’s body is different. By the development of science, some 
scientific measurement instruments were invented by scientists. An electronic machine, 
multi-sensor or electronic nose and tongue, was developed to give an impartial 
appraisal in some liquid tasting (wine tasting) and quality control in food processing. 
This machine is a sort of simulation of natural sense, which mimics the reaction of 
tongue and nose bringing to brain after sensing the object. Sensor technologies are 
                                                        
1
 Journal of Taiyuan University of Technology(Social Sciences Edition) Hu Meng, Yun Zhao 
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contact or non-contact. The electronic nose and tongue we mentioned later in our 
project are contact sensor, which we are interested in.  
Measurement plays a particularly large role in science. Before we detail the main 
body of science and measurement, several problems below we need to take into 
account. 
 
 
 
 
2. Problem formulation 
Main problem: 
What is measurement and multi-sensor? 
What is the advantage and disadvantage of multi-sensors? 
 
Branch:  
What is science?  
What is scientific technology? 
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3. Science and technology  
1 What is science and scientific technology? 
2 The relationship and difference between science and scientific technology. 
 
3.1 What is science and technology? 
“The whole of science is nothing more that a refinement of everyday 
thinking.” 
 Albert Einstein 
[1]  
It is impossible to describe ‘what is science’ in short pages, but a brief paragraph 
can give a general review of it. And it can help to understand the following topics. 
 
3.11 What is science? 
 
The science, which also called science knowledge, it is a system of knowledge to 
reflect the objective laws in nature world, society and thinking. [2] In English the word 
science usually means nature science, such as the subject of physics, math, chemistry, 
etc. Society science is the study of law, history, arts etc. This shows a special structure 
of science that it can be separated into different areas, but all those areas come from the 
study of the real world or thinking. 
The word ‘thinking’ means the mind of human being. And only people can think. 
Thinking which means to analyze, synthesize, determine, and inference from 
presentation and ideas. It is comes from the practice in the society. [3] 
By the definition from the dictionary, we know that science can be considered 
as the sets of knowledge. And the knowledge comes from the natural world, from our 
society that we are living inside. And also from our ideas or studies of the phenomenon 
which happened in the real world. 
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“Science is a structure build upon facts.” 
                                                                J.J.Davies [4] 
 
By the determination and experience we may assume that science is like a box, 
which contains the rules of phenomenon, we can use the box to explain the question 
but don’t know how the box be built. Of course we can use science; we use it to build 
the world, to help people live better. 
 
 
Figure 1 The process of science to be inducted. [5] 
 
3.12 What is technology? 
 
Nowadays, when we talk about technology, we refer to real stuff (especially 
Electronic or digital products) such as computer, digital camera, internet and so on. But 
sometimes we do refer it to some highly advanced skills. So what is technology at all? 
“Systematic knowledge and action, usually of industrial processes but applicable to 
any recurrent activity.” [6] In another word, it is rather the knowledge that deals with 
tools and skill which helps to carry out the plans (experiment, performance, etc.)  
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3.2 The relationship and difference between science and 
technology. 
Technology is actually connected to both science and engineering. Science deals 
with humans' understanding of the real world about them—the inherent properties of 
space, matter, energy, and their interactions. [7] Engineering is a process that people 
use their objective knowledge (in another word, we can say science) to create; design 
plans or means to achieve the goal- desired objective. Then finally if we want to 
succeed, we have to have the technology which deals with tools and techniques for 
carrying out the plans.  
For instance when we are doing an experiment, the theory part would be the 
science part, while the performing of the experiment would be the technology one then. 
So through the whole procedure of achieve the desired objective, we need to have 
science as the basic support to help us understand and come up with the desired 
objective, and have technology which helps to solve the problem practically 
 
3.3 The relationship between science and measurement. 
 
Measurement plays a very important role in science. All scientific method are 
carried out with an impartial attitude. Scientists test their theories by carrying out 
carefully designed and controlled experiment to get quantitative rather then qualitative 
results. These experiments are measurements. Theories always come along with 
experiment in science. Experiments will lead to new theories; on the other hand new 
theories will lead to new experiments. These contribute to the development of science. 
 
Reference 
 
(1) Albert Einstein, a great German physics. He is wild known by his relativity theory. 
(2), (3), Editor by Compiled by the Language Institute of Chinese Academy of 
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Sciences. Morden Chinese dictionary, Shang wu yin shu guan; Di 3 ban, Xiu ding ben 
edition (May 1, 1998) 
(4) Davies, J.J (1968) On the scientific Method. London, Longman. 
(5) Idea from A.F.Chalmers (2005) What is this thing called Science? Open University 
Press, Mcgraw.Hill Education  
(6), (7) McGraw-Hill Encyclopedia of science and technology 
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4. Measurement 
4.1 The definition of measurement 
    “I often say that when you can measure what you are speaking about, and 
express it in numbers, you know something about it; but when you cannot measure 
it, when you cannot express it in numbers, your knowledge is of a meager and 
unsatisfactory kind.” 
                ---Lord Kelvin, “Electrical Units of Measurement” (1883) 
 
 “Everything that can be known has a number”  
                 ---Philoaus (Greek mathematician, fifth century BC) 
 
Measurement is the forecast or determination of time, metric system, mass, 
length, volume and temperature conversions, and relate to unit of measurement or 
some standard. There are two kinds of meaning about measurement. One is that people 
do something to understand perceived reality. And another is experimenters do 
something to discover reality’ presumed potential principles, rules and laws etc. We 
measured everywhere, like if you want to buy shoes to your friend. You do not know 
the size of his foot. Maybe you would think of his stature first, and then measure in 
your mind to get the probably size. Although it will be wrong one. That is a simple 
measurement. If there are some unknown chemistry compounds, like our chemistry 
laboratory course this semester, we need to know what are inside exactly. Then we will 
do some certain experiment to determine. And we need lots of equipments. Those are 
also measurement but more complexity. 
The Czech mathematician Karel Berka distills the measurement process down to 
three elements. First, there is the object of the measurement. Second, there are the 
results of the measurement. Third, there are “certain mediating empirical operations”. 
So the measurement process is: find something to measure, measure it by 
“certain mediating empirical operations”, and then get some results. Sometimes there 
is a standard to compare with the results. And make sure the results are valuable.   
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Chemistry reaction lets us know which groups are in the compound. The biology test 
lets us know about our educational progress. Each of cases is all about knowledge. 
Measurement let us know more knowledge. 
Measurement is usually given as a number followed by a unit. Every 
measurement has three components: the estimate, an error bound, and a probability 
which the actual magnitude lies within the error bound of the estimate.  
 
4.2 The history of measurement  
                   "Man is the measure of all things" 
---------Protagoras (Greek Sophist 485-411 
BC) 
 
Hominid learned that if people join forces with other people by living in 
communities, it would be a way to keep safe. So they could get more food, and more 
wood for fires and for building, which they could share. 
But to make sure that goods were shared fairly, tools were needed. There were 
first mathematical tools made by people to help them measure. They had to measure 
the passing of time, find ways to divide up pieces of land, and ways to measure grain so 
that they could exchange goods with each other. They needed to know if the wood 
would be large enough to use as strong beams for supporting a building, or to make a 
boat, and so on. Measurements must be standard to mean the same thing to everyone. 
     In the earliest time, measurements were based on very portable tools - body parts! 
A main measurement 5,000 years ago for the 
Egyptians was the cubit. This meant the 
length from fingertip to elbow. The Greeks 
developed the "foot" which was as their 
fundamental unit of length. People measured 
a yard of cloth by the distance between the 
end of the outstretched arm and their chin. The Romans measured their pace steps, of 
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about 2.5 feet, 1000 double paces formed a mile.  
Native Americans had a very interesting and unusual way of seeing how high a 
tree was. They would bend over and look through their legs!  
They would walk far 
enough from the tree to a 
find a place where they were 
just able to see the top of the 
tree (from their upside down 
position). The distance from 
this place to the base of the 
tree was approximately the 
height of the tree.  
     The Babylonians used different stones to weigh different commodities. The 
"stone" weight was 14 pounds for the horseman. The 16 pounds “stone” used to weigh 
wool. The “stone” was 8 pounds for the butcher and fishmonger. The only legal 
“stone” was 14 pounds in the imperial system. 
 
4.21 Measuring units  
     
 In the history of measurement, units of measurement played an important role. 
Units are labels which differentiate one type of measurable quantity from other types. 
Temperatures, mass, time, length and volume are different physical quantities, and 
therefore have different unit names, degrees, kilograms, seconds, meters and liters.        
The French created a standard unit of measurement called the metric system in 
1790. This developed to today's international system of unit for measurement.  
We use several systems of units, including the metric (S I: System Internationale) 
units, the English (or US customary units), and a number of others of mainly historical 
interest. In business, weights and measures are often a subject of governmental 
regulation, to make sure fairness and transparency. The Bureau international des 
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poids et mesures (BIPM: International Bureau of Weights and Measures) is tasked 
with ensuring worldwide uniformity of measurements. Metrology is the science for 
developing national and internationally accepted units of weights and measures.  
     The SI is the logical 
expansion of the metric system of 
units, whose origins date back 175 
years. The General Conference on 
weights and measures, which met 
in Paris in October 1960, gave the 
name International System of 
Units to the metric system based upon 7 principal units in the form above. And it has 
been officially recognized and adopted by nearly all countries. 
 
4.22 Measuring instruments 
      
The earliest measuring instrument was human’s body that we mentioned above. 
But actually whose body? Everyone’s body was different sizes. It caused confusion in 
measurement. That was the problem. So the standardized instruments were needed. 
The first one was cubit which was made of black marble (about 52 cm) in about 2190 
BC. This cubit was divided into 28 digits (roughly a finger width) which could be 
further divided into fractional parts, the smallest of these being only just over a 
millimeter. And there are four standardized cubits still on the books today. Officially, 
one Egyptian cubit is about 17.7 U.S. inches (44.958cm). An ark built using Egyptian 
cubits would have about 5333 cubic yards (1 yard = 0.9144 meters). It was used to 
store all those animals in. An ark built by 21 inches (53.34cm) cubit would have a 
roomy 8900 cubic yards for the giraffes to stretch out in. 
Chinese replaced the barter of the middle ages with money called “JIAO ZI” 
which is the earliest money in the world (960-1127). In the 14th century, town clocks 
were built to keep time. Maps made by measuring distances and directions in Europe, 
Category Name Abbrev. 
Length 
Mass 
Time 
Electric current 
Temperature 
Amount of substance 
Luminous intensity 
metre 
kilogram 
second 
ampere 
kelvin 
mole 
candela 
m 
kg 
s 
A 
K 
mol 
cd 
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which can direct them to send ships across oceans to predetermined locations. Etc. 
Lots of measuring instruments were invented and improved by researchers over 
the past four centuries. Among the most notable inventions were: 
The information comes from: 
http://www.ornl.gov/info/ornlreview/measure/ahisto/History.htm 
The radiation and particle detectors for reactors and accelerators, and other 
devices to measure gas and liquid pressures, that are also great invention in the world.    
In the 20th century, some detectors which can convert light or sound to electrical 
signals for processing by microcomputers were invented. “Sensors that can "see," 
"hear," and "feel" were invented and linked to computers to make possible robots that 
can frequent places too dangerous for humans, such as deep in the ocean, under the 
ground, or in a production plant highly contaminated with hazardous chemicals or 
radioactivity.”  
Such as multi-sensors which we will discuss more lately are good inventions. 
The electronic tongue and electronic nose are used widely by measuring. Like the fire 
detector, if the device detects smoke, it will turn on alarm automatically. And some 
factories use electronic tongue to measure new wine products instead of using taster. 
“A robotic wine taster, capable of distinguishing between 30 different varieties or 
blends of grape, has been developed by engineers in Japan.” The news comes from 
Year  Things  
1603 Thermometer to measure temperature 
1644 Barometer to measure atmospheric pressure 
1680 Optical microscope to "see" invisible living organisms 
1895 Cloud chamber 
1800s-1900s Devices to measure electrical voltages, current, resistance, 
and magnetic field strength 
1906 chromatograph to separate chemical substances and measure 
their concentrations 
1919 Mass spectrograph to separate isotopes of elements and 
measure their concentrations 
1937 Electron microscope to image materials and measure 
distances between crystalline grains and later atoms 
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NewScientist.com on 28th July 2006.  
4.3 Type of measurement 
       
Measurement is divided into two parts: physical measurement and extraphysical 
measurement. But the conception of measurement is usually conceived as physical 
measurement.    
 
 Physical measurement  
 
The performance of quantitative description (i.e., experiments by means of 
which we get numerical data that enable us to find out, not only the character (quality), 
but also the magnitude (quantity) of the observed changes), we call measurement. 
Measurement contains at least three distinct components. An object or a physical 
system, on which a certain operation will be per formed; an property of this object or 
system whose ‘value’ will be determined by this operation; and an instrument with 
which the operation will be carried out. 
 
Physical measurement has such characteristics as follow: 
1. Physical measurement refers to real objects which are independent of the knowing 
subject.   
2. From a methodological point of view, measurement is connected with observation 
and experimentation. Why is it connected with observation? Because, as a matter 
of fact, every measurement presuppose some observable property of the object to 
be measured. And the measuring procedure is necessary to get a certain numerical 
value with the help of the scales of measuring instrument. The relation to 
experiment is conditioned by the stipulation that measurement could be conceived 
as a specific kind of experiment. 
3. Measurement is made up of two following fundamental constituents: observable 
properties (qualities) or magnitudes (quantities) of the measured objects; and 
Measurement and multi-sensor 
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numerically objectified determinations of these qualities and quantities. Therefore 
these two constituents can be considered as the object of measurement and its 
result. 
4. A measurement procedure has to count on empirical operations which provide the 
connection between the employment of measuring instruments, and the existence 
of suitable unit of measurement. The measurement procedure is accomplished by 
comparing the measured property with the magnitude of the unit of the 
measurement. 
 
 Extraphysical measurement 
 
Measurement has two elements. First, measuring instrument: 
Second, measurement proper:  
“In the broadest sense of world, measurement might be regarded as a 
classification of objects and events in which a certain sign (numeral, letter, word, 
etc.) is assigned to each defined class” 
In comparison with the characteristics of physical measurement, we can get 
further specifications. Some of these specifications are accordant with the 
characteristics we mentioned above, while others differ. 
 
1. Comparing with physical measurement, extraphysical measurement refers, 
conceptually and operationally, to subjective properties of man (such as feelings, 
attitudes, desires etc.). These properties can not be measured physically. 
Extraphysical measurement does not refer to those properties of man (such as 
height, weight etc.), which are not specific for a measurement in social sciences.   
                     
2. “Extraphysical measurement is methodologically well connected with 
classification. And therefore it is assumed to be connected with observation too. It 
is, somehow, even held to be a kind of classification.” (Cf. similarly Lazarsfeld 
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(1959)) This characteristic is then applied to a measurement referring to arbitrary 
objects and phenomena and to physical measurement as well. The position, 
according which measurement has closer relation to classification than to 
observation and experiment, already implies diverse consequences of a 
methodological nature. In the first case, the emphasis is put on the conceptual 
aspect of measurement, in the second, on the empirical level and on an operational 
characterization of measurement.”  
3. Extraphysical measurement is also made up of two constituents— the object and 
the result of measurement. 
4. Operationally, the measurement procedure is only very ambiguously determined. It 
is characterized by using measuring instruments and scales. But the instruments 
here are something totally different. Not only are scale acknowledged as measuring 
instruments, but so also are “observation, questionnaire, and interview.” (Wiggins 
1968) Scales, particularly in behavioral and social measurement, are not measuring 
instruments, but conceptual means to represent certain type of results or level of 
measurement. 
(K. BERKA- “MEASUREMENT”) 
  
4.4 Levels of measurement  
       
Measurement can be classified as the following 4 levels: nominal, ordinal, 
interval, and radio. This classification was first proposed by S.S. Stevens in 1946. To 
know the levels of measurement can determine to some extent what we can and cannot 
do with a certain measurement. There is a figure showing the relationship between four 
levels below. 
 Nominal: 
The nominal numerical values just "name" the attribute only but do not make 
sense to order things. For example, there are 3 bottles of wine. Wine 1, wine2 and wine 
3. The number 1, 2 and 3 just mean the different wine, we can distinguish them. 
Measurement and multi-sensor 
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Otherwise they mean nothing.      
 Ordinal: 
     Ordinal data are ordered, so that “better than” and “less than” make sense, but the 
differences between the numerical values are really not important. Like there are 6 
models in Danish course: 
Model 1, 2, 3, 4, 5, 6. 
Higher number means 
more education. But is 
distance from 1 to 2 
same as 3 to 4? Of 
course it is not. The 
interval between values 
is not interpretable in an 
ordinal measure.    
This figure comes from http://www.socialresearchmethods.net/kb/measlevl.php 
 Interval: 
     In interval measurement, the distance between numerical values has meaning. 
The Fahrenheit temperature scale is a good example. We can observe that 80oF is 30oF 
hotter than 50oF, just as 100oF is 30oF than 70oF. The interval between values is 
interpretable. But we cannot divide 100oF by 50oF and say 100oF is “twice as hot” as 
50oF. This is because that Fahrenheit temperature has no “natural zero”. Zero degree on 
Fahrenheit scale is an arbitrary point, so the ratios do not make sense. 
 Ratio: 
     The ratio data, there is always an absolute zero in. The Kevin (oK) temperature is 
a ratio scale. It has a natural zero because 0oK is the coldest possible temperature. 
Scientists William Thomson and Lord Kelvin have determined that the coldest it can 
get (theoretically) is minus 273.15 degrees Celsius. This temperature has never 
actually been reached. The value, minus 273.15 degrees Celsius, is called "absolute 
zero". Other ratio measurement is like age and height. Someone who is 160cm height 
Measurement and multi-sensor 
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is both 80cm higher (interval) and twice as height (ratio) than some child who is 80cm 
high.  
     See the figure; we easily know that there is a hierarchy implied in the level of 
measurement idea. The lower levels of measurement, the estimate tend to be less 
restrictive and the analyses data tend to be less sensitive. In general, it is valuable to 
have a higher level of measurement (e.g., interval or ratio) rather than a lower one 
(nominal or ordinal).  
 
4.5 The Errors and precision of measurement  
 
Errors 
Errors always come along with measurement. How do errors occur? There are a 
few typical reasons as follow: 
 Mistakes – such as wrong reading, and recording of data 
 Human factors – errors made by experimenter because of skills 
 Instrumental limitation – errors arising from the connatural characteristics of 
the Instrument       
 Changes occur during observation 
(http://sst-web.tees.ac.uk/external/u0000504/Notes/DataAnalysis/Errors/Errors.html) 
 
But no matter what causes errors, we can divide them into two categories: 
systematic and accidental. 
Systematic errors are simply caused by the following reasons: the imperfection 
of the measuring instruments and procedure; neglect of the environmental change 
which can influence the working of the instruments; the observer (those of his abilities 
and skills, such as performing the experiment). Systematic errors appear as simple and 
quite regular distortions of the data of measurement. 
Accidental errors stand for non-systematic deviation. The causes of accidental 
errors are hard to explain, because they are various external circumstances which we 
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can not totally control, such as a noise which goes along with any information transfer; 
accidental fluctuation, and so on. Actually accidental errors are really errors we mean. 
It is more an expression of basic developmental lawful regularities in nature. So its 
influence will never be avoided. 
(K. BERKA- “MEASUREMENT”) 
 
Precision 
 
The results of measurements are usually given in the form of a number followed 
by a unit. But this is not really all what it is as given. As a matter of fact, every single 
measurement has degree of uncertainty. This uncertainty is called standard error. Every 
measurement result has three components: the estimate, an error bound, and 
probability that the actual magnitude lies in the error bound of the estimate. For 
example, a measurement of thickness of glass might result in a 7mm plus or minus 
0.02mm with a probability of 95%. 
 
“The discrepancy between the empirically measurable and actual values of 
magnitudes might be bridged over by the differentiation of different values assigned to 
the sizes of one and the same object of measurement.” 
First, it is the actual value. It is a value we can not get by whatever means of 
empirical measurement procedure. 
Secondly, there come the measured values. These are the value we get in process 
of measurement, by using all different kinds of instruments and procedures, under the 
best controllable condition. These values are more or less in a numerical interval (error 
bound). 
Finally, it is the approximate value, which is considered as the most probable 
approximation to the actual value. This value is obtained by using the theoretical 
estimation and calculating the average of the individual measured values. 
(K. BERKA- “MEASUREMENT”) 
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4.6 The possibilities and Limits of Measurement  
    
Following the development of science, lots of instruments invented by scientists. 
Because of the invented new instruments and scientific method, the measurement can 
become more precise, and the range of measurement can get broader. We can increase 
our knowledge by the new measurements. There are lots of undiscovered things in 
nature, which are waiting for being discovered by human.  
     Also because of the errors which we mentioned before, the result of measurement 
maybe not true. Accidental errors will occur in the complex measurement more than in 
the simple one. And if the process of measurement is too much, the system errors will 
be more. There will be a problem to control errors.  
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5. Multi-sensor system  
What is multi-sensor of E-nose and E-tongue? 
“Multi-sensors” is a buzz word. Sensors could be made up of many different 
materials to sense different matters. Some sensors need to contact object in order to 
initial the measurement, such as gas sensors or liquid sensors. Some sensors work the 
other way around, totally non-contact, like optical sensors, used for sensing colors, etc. 
The sensors adapted for E-nose and E-tongue actually consist of several 
electrodes, so named sensor array. Those electrodes made up of different substance for 
gathering different information of the measuring object.  
Let’s go into more detail in E-nose and E-tongue. 
 
5.1 Electronic Nose 
 
The electronic nose is the extension that the human the sense of smell. Its 
structure according to the human olfactory, the principle is as same as the principle of 
olfactory; it consists of gas sensor, signal processing system and pattern recognition 
system. In the constituting of electronics nose, the array of sensors is the foundation of 
the whole system. The array could be many discrete components, also could be single 
scale integration. 
The electronic nose is the hot research topic in the worldwide now. There are 17 
research organizations in Europe, and 9 organizations in American and Canada. The 
suppliers of commercial electronic nose products are already achieved 18, and they 
serve many kinds of electronic nose for commercial purpose. [1] This Portable 
Electronic Nose (PEN2) is one of these products; it could be a representative product 
to show the basic structure of the electronic nose. 
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Electronic Nose Fox Aroma                   Cyranose 320 for Cyrano Sciences  
and Odor Sensing System [2]                  Portableelectronic odor detector[3] 
 
PEN2 
 
The basic structure of the electronic nose as above consists of three parts. First, 
introduce the main part of the system----gas sensor. 
There are two kinds of sensors could be in the array of sensors, one can be an 
array of several different discrete components (e.g., Chemical sensors), where the 
different characteristic of the sensed chemical can be measured with each components; 
the other one can be a single scale integration (e.g., spectrometer), which produces an 
array of measurement for each chemical, or it can be a combination. [4] 
The Portable Electronic Nose (PEN2) system is belong the first type, it contains 
a detector unit containing the array of sensors, and there are ten Metal Oxide 
Semiconductor (MOS)-type chemical sensors. They are MOS1 (aromatic) MOS2 
(broadrange), MOS3 (aromatic), MOS4 (hydrogen), MOSS (arom-aliph), MOS6 
(broad-methane), MOS7 (sulphur-organic), MOS8 (broad-alcohol), MOS9 
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(sulph-chlor), MOS10 (methanealiph). [5] 
The Metal Oxide Semiconductor (MOS) has a metal insulator semiconductor 
structure, which means the insulating layer is made of oxide of the substrate material. 
For instance, if the substrate is made by silicon, the insulating layer should be the 
silicon dioxide. [6] 
The second, in the Portable Electronic Nose (PEN2), the operate system is 
Enrichment and Desorption Unit (EDU). 
Enrichment and Desorption Unit (EDU) is a microprocessor-controlled device capable 
of automatically catching and thermally desorbing the samples.[6] The material of the 
adsorbent is Tenax-TA_polymer. 
The third, the pattern recognition system is the pattern recognition software 
(Win Muster v.3.0) for data recording. It can collect the complexity and quantity data, 
and make the conventional chemical analysis of data automatically. 
Except those three parts, the Portable Electronic Nose (PEN2) also has a 
sampling apparatus on it. 
That’s all the structure of the Portable Electronic Nose (PEN2). And with the 
development of the technology and marketing demand, there are also some highly 
selective chemical sensors used in the electronic nose. And this technology will be 
continued researching. The demand of the electronic nose is more and more, it used in 
many areas, for instance, the environment monitoring, the medicine and also the food 
industry. Especially in the food industry area, the electronic nose always works with 
the electronic tongue, that’s a very basic multi sensor system either. But the structure is 
quite different with the electronic nose. The basic of the electronic tongue system is 
Flow injection analysis (FIA).now we see the structure of the electronic tongue. 
 
5.2 Electronic tongue 
 
Flow injection Analysis as one of the analytical techniques, it based on the micro 
fluidic manipulation of samples and reagents. [7] 
As the picture show us, this is the system of a electronic tongue, this system was 
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set up with two amperometric detectors, and each detectors worker with the working 
electrode, one of the working electrode is double glassy carbon electrode, the other one 
is the gold electrode. And the detectors connect the injector and the pump (a Jasco 
(Tokyo, Japan) model 880 PU pump). And also consisted of a recorder that used to 
record the data. 
 
 
 
This is the schematic of the FIA (Factory Insurance Association) system. [5]   
 
The operating of the electronic tongue system is not as clear as the electronic 
nose. The carrier of the solutions, pumped through the detectors incessantly. And the 
carrier solutions have some chemistry reaction (the oxidation or reduction of the 
electro active compounds) in the place. And the data need to record which is the 
compounds present in 
the samples during the 
reactions. [5; 7] 
 
 
 
                                
 
The working process of the FIA system [7] 
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     This is the structure for one kind of simple electronic tongue. But in all the 
systems, they can not tell us the exactly result. Through those equipments, we could 
get a lot of data. Through analysis the data, we could find the result we want to know. 
So the measurement analysis is the most important part. There are also many analysis 
method, we found some data, although those data is not be measured by ourselves, but 
we still could use those data to show how to analysis the data when using the electronic 
tongue and nose. 
 
5.3 Measurement analysis 
 
We found a data example from one project which used the Portable Electronic 
Nose (PEN2) and the FIA system, in this project, they do the research with four kinds 
of Barbera wine having different denominations of origin. These four types wine are 
all produced in the northern Italy in enclosed geographical areas. The data could help 
us to classify these four types of wine. And all the data are treated by the multivariate 
data processing, in this work the pattern recognition techniques used were, principal 
component analysis (PCA), linear discriminant analysis (LDA) and classification and 
regression trees (CART) analysis. In the first step, we use the Principal component 
analysis (PCA) to complete the data set, then, use the linear discriminant analysis 
(LDA) and classification and regression trees (CART) analysis to classify the samples. 
[5] 
 
 
A data matrix with 53 rows (wine samples) and 28 columns 
(Variables) (Table 1) was built.[5] 
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Principal component analysis (PCA) [8] 
A technique to exact the useful information from the data for simplifying a data 
set. The multidimensional datasets can be reduced to the over dimensions for analysis 
by this method. It can build the data structure; show the relationship between objects 
and variables and the global correlation of the variables. 
 
 
Look at the score plot (Fig. 2) [5] in the area, the samples was separated into two 
groups by a clear separation; these two groups were built according to the region of 
origin. The first group, the Barbera Oltrep’o samples distribute in the positive part of 
the first principal component, in this area, only found he Barbera Oltrep’o samples; the 
other group, the samples from Piemonte formed the most area in the negative part of 
the first principal component. 
In the positive of the second component, the Barbera Asti and Barbera Alba 
samples were in the bottom part, and it did not show the differentiations of these wines. 
In the negative of the second component, the trend of the Barbera Piemonte samples is 
going up. 
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In this loading plot (Fig. 3) [5], it shows the judge that the variables effect the 
system, and the relationship between the variables. Mainly they are the electronic nose, 
electronic tongue, colour and three chemical variables (rH, total extract and 
conductivity), these factors were dominant in the first principal component. And the 
pheolic composition and luminosity were dominant in the second principal component. 
And the other chemical variables in this loading plot are also evident, the points were 
plotted at the center, were not connoted with the discrimination of Barbera wines. Now 
a supervised pattern recognition method need to be used for classify the wine samples 
into four classes that we have mentioned. 
 
Linear discriminant analysis (LDA) 
 
This method is the mostly used classification procedure. It’s the best to separate 
two or more classes of objects. The method maximizes the variance between categories 
and minimizes the variance within categories. This method renders a number of 
orthogonal linear discriminant functions equal to the number of categories minus one. 
[9] 
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In the Table 2 [5], it shows the all results of LDA (linear discriminant analysis) 
but only leave one out cross validation. For all Barbera wines are recognition from the 
LDA (linear discriminant analysis) applied to the complete dataset. But because the 
leave one out cross validation. It was not correctly classified with Barbera Asti sample 
and Barbera Alba sample. All the data in LDA (linear discriminant analysis) we used 
come from the result of electronic nose and electronic tongue. The result gave the clear 
classification for the Barbera 
Oltrep’o, Barbera Piemonte and 
Barbera Alba. But the Barbera Asti 
sample was unsure classified. 
In Fig.4 [5], it shows how the 
first two LDA (linear discriminant 
analysis) functions differentiate the 
classes. The mostly discriminating 
between the Barbera Oltrep’o and 
Barbera wine from Piemonte 
(Barbera Piemonte, Barbera Asti and 
Measurement and multi-sensor 
 31 
Barbera Alba ). And from the Function 2, we can find the evident separation between 
Barbera Piemonte wines and Barbera Asti and Alba wines. But the Barbera Asti and 
Alba wines were not discriminated clearly.  
 
 
 
 
 
Classification and regression trees (CART) analysis [10] 
 
Classification and regression trees (CART) are a form of binary recursive 
partitioning. The “binary” means the each group of objects are represented in a 
decision tree as a “node”, but it only can be separate to two child nodes. The words 
“recursive” means the binary partitioning process can be continued infinitely. This 
Measurement and multi-sensor 
 32 
method is not very wide known; even this method has more advantages than other 
classification methods. For instance, Classification and regression trees (CART) is 
nonparametric, this method can split variables based on an exhaustive search of all 
possibilities. And the input of the analyst is required simply. 
Now classify the Barbera wines by Classification and regression trees (CART) 
analysis. 
In the table.3 [5], the classification of Barbera wines especially coming from 
Piemonte is poor. There are 7.55% error rates and 13.21% the cross validation error 
rates. But this data analysis tool is easy for the small subset of variables selecting, this 
is a advantage for classifying the new objects. As illustrated in Fig. 5 [5], there are only 
three selecting variables: MOS1 was used to classify Barbera Oltrep’o wines in 
electronic nose variable, also another variable of the electronic nose – MOS 6 was used 
for classifying the Barbera Piemonte wines, and the third one is a chemical wariable 
(rH), it used for Barbera Asti and Alba wines classification. 
In conclusion, differentiate the Barbera DOC wines is possible by the 
classification techniques. LDA analysis with the electronic nose and electronic tongue 
data was very useful for the four types of Barbera wines classification. And the CART 
analysis was used to discriminate the Barbera Oltrep’o and Barbera wines from 
Piemonte (Piemonte, Asti and Alba). 
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6. Discussion  
Pro & Con  
As we all know, the regular way to measure a substance in certain complex 
medium is to separate or extract the targeted substance, for instance, chromatographic 
separation, stationary phase extraction, etc. 
Those methods aim to remove the interference in order to obtain accurate 
measurement result to a specific substance, in which the awkwardness is 
time-consuming and expensive. 
As we presented before, the multi-sensors (made for wine taste) skip the 
complicated procedures of separation or interference removing.  
The electrodes, actually detect the complex solution as a whole. In ordinary 
sense, an inaccurate result will come up, and that matters to the regular methods of 
measurement, because the interference might stop or in part stop electrodes to contact 
with targeted substance.  
However, this case doesn’t matter to the multi-sensors. Since the ingredients 
concentration of wine are kind of constant, of course for one kind of wine, then as 
much the same of results will be reached for this kind of wine. That is why pattern 
recognition system is invented to distinguish the wine. 
But sometimes the multi-sensors are not sensitive enough or can be disturbed by 
major compounds in the sample that are not relevant to taste, when highly volatile 
compounds such as CO2 and ethanol are present.2 This problem can be solved by 
EDU3 (enrichment and desorption unit).  
(EDU3 is a fully automatic sampling and desorption device. The system works 
as a stand-alone unit performing continuous cycles with the steps sampling, thermal 
desorption, injection, cleaning and cooling automatically. With the adsorption 
technique compounds of interest can be adsorbed on the tubes, but also a 
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pre-separation of the compounds of interest during sampling is possible.  
     Depending on the target substance and the sampling time the detection limit can 
be improved by some orders of magnitude. Especially when working with an 
electronic nose as a detector it has the advantage that disturbing or non smelling 
compounds like water, methane or ethanol are not trapped, permitting a better 
correlation to human smell perception.)3  
 
Multi-sensors working pattern is as alike as our tongue. We never give thought 
to what kind of chemical matters we actually drink or eat. But we know the taste, and 
what does this taste like after first taste. Multi-sensors certainly cannot feel taste but 
the result it produced tell us what the wine taste like. That’s why the manufacturers 
name this kind of multi-sensors E-tongue. 
On the other hand, E-tongue made for wine, can only measure wine, if you put 
milk or other liquid into the system, the result will give an error or a kind of wine’s 
name which is the closest pattern match to the liquid you put. That means if you intend 
to test other compound or complex besides wine, then the proper electrodes selectivity 
(means the electrodes are sensitive to the substance in milk complex) and pattern 
recognition software need to be equipped instead of previous equipments. 
On balance, the multi-sensors used for wine taste test save a lot of complicated 
procedures on separation. But it makes mistakes when the liquid is not wine, or half 
wine half other liquid, it still gives a wine results.  
 
   
 
 
 
 
                                                        
3
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7. Conclusion 
In science, measurement plays a particularly great role. Because in scientists 
gather data, our studies, and to do this we use measurements. “As measurements form 
the basis of scientific inquiry, they are deserving of in-depth analysis in lab. In a 
scientific experiment, the investigator examines the effects of variations in the 
independent variable on the dependent variable through measurements.”[1] This 
words show the importance of measurement. Lots of knowledge comes from 
measuring. 
Multi-sensors are important instruments of measurement. They have some great 
advantages, but on the other hand they also have their limitation. If we back into the 
history, instruments of measurement are always heading towards the direction which 
leads to more precise results and less limitation. As the development of science and 
technology, we will get better instrument for measurement which will again lead to the 
new development of science.    
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